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In this regard, a communication protocol is proposed in [3] to determine the channel conditions and to adapt its transmission signal to occupy the vacant band. Later, the approach is generalized to allow primary and secondary users to transmit simultaneously at the same time or at same frequency over additive white Gaussian noise (AWGN) channel and derived capacity bound for the same [4] . Most of the work previously has considered maximum transmit power constraint to limit the fundamental capacity of cognitive radio network, Received power constraint at primary receiver was firstly considered in [5] to explore the capacity of spectrum sharing channels. Author has used received power constraint on primary receiver. Later, ergodic capacity for point to point configuration is investigated either for maximum transmit power or average received power constraint at primary user receiver. It has been shown in [5] that significant capacity gain can be achieved if channel is varying due to fading. The same channel can be exploited by secondary user by transmitting opportunistically at higher power levels. This is in contrast to the systems with maximum transmission power constraint, where capacity degrades significantly because of fading.
In this paper, we have investigated the usefulness of various channel capacities, namely Ergodic (Shannon) capacity, where it is assumed that the channel transitions over all the fading states, for underlay cognitive radio system. The underlay cognitive radio system is the one in which the secondary cognitive user adapts its transmission based on the knowledge about channel gains between secondary and primary user. The maximum transmission power and averaged received power constraint at primary user's receiver jointly to estimate these channel capacities under Rayleigh fading environment.
SYSTEM AND CHANNEL MODEL
In this paper, we have considered underlay spectrum sharing system in which a secondary user is allowed to use the licensed frequency band along with the licensed primary user, as long as the amount of interference inflicted at primary user is within predefined constraints on average and maximum values of transmission power. The spectrum sharing scenario and system model is shown in Fig. 1 . It has been assumed that perfect channel state information (CSI) is known ahead of time to the secondary transmitter and receiver in advance. The time varying discrete-time fading channels are assumed to undergo Rayleigh flat fading, and the received signal power y ୱ ሾnሿ at the secondary receiver depends on the transmitted signal power x ୱ ሾnሿ according to
Where n is time index, h ୱ ሾnሿ is the channel power gain between the secondary transmitter and receiver, and N ୱ ሾnሿ represents AWGN. The power gain between the transmitter of secondary user and receiver of the primary user is h ୱ୮ ሾnሿ. Both channel power gains h ୱ ሾnሿ and h ୱ୮ ሾnሿ are independent and identically distributed (i.i.d.) exponentially distributed with unit mean. Furthermore, channel gains are assumed to be independent from the noise. The noise power spectral density and the signal bandwidth are represented by N and ‫ܤ‬respectively. Given that secondary transmission will not degrade signal quality at the primary receiver, constraints can be imposed on the received power at primary receiver. If P ୫ୟ୶୧୫୳୫ is the maximum received power constraint and P ୟ୴ is the average power constraint, the corresponding constraint may be define as
where P൫h ୱ , h ୱ୮ ൯ represents the transmit power, and ε ୦ ౩ ,୦ ౩౦ represents the expectation over joint probability density function (PDF) of h ୱ and h ୱ୮ .
ERGODIC CAPACITY
In this section, the ergodic capacity for underlay spectrum sharing system is investigated for Rayleigh fading channel under received power constraint. The ergodic capacity is defined as maximum average rate with minimum probability of error under constrained transmission power. This is a useful performance metric for the systems in which the delay is not a constraint. Considering the average transmission power a constraint, system capacity under fading with full knowledge of CSI at secondary transmitter and receiver is derived in [6] . The closed form expression for the channel capacity of above system under Rayleigh fading is derived in [7] . Maximum and average power constraint on secondary transmission power was firstly considered in [8] for Gaussian channel and results were extended for quadrature Gaussian channel in [9] . In [10] , the capacity of fading channel for maximum and average transmission power constraint was derived using multiplexed Gaussian codebook for optimum power allocation in time.
On contrary to the above, the constraint on received power is considered in [5] and the capacity of AWGN channels for single and multiple users is estimated. It was shown that the capacity of point-to-point AWGN channel with received power constraint is equal to the capacity of the channel under appropriately ranged transmit power constraint. The result, however, does not hold for fading channels. The ergodic capacity with average and maximum power constraint is given in [11] and optimal power allocation scheme has also been presented. The notations used in power calculations are given in In this section, received power constraints are being investigated at a primary receiver under fading environment. These are the maximum and average received power constraints as given in (2) and (3) respectively. By using an approach similar to that used in [8] , the channel capacity can be shown to be achieved through optimum utilization of the added power over time such that received power constraints are met. Therefore, the ergodic channel capacity in this case becomes an optimization problem and will be given as [12] :
The optimization problem in (4), without any constraint on maximum received power, is considered in [13] and solved by using Lagrangian optimization. Considering the problem under both power constraints and adopting a similar approach, the solution for (4) can be obtained using Lagrangian optimization by defining
Musavian and Aissa [12] have provided a closed form expression for ergodic capacity of a system under power constraints as follows:
where, λ = బ ஓ బ , represents the optimal threshold value for which the transmission is suspended. Figure 1 and Fig. 2 are showing the ergodic capacity under Rayleigh fading channel and the optimum cut off threshold associated with this capacity respectively. Impact of the maximum received power on ergodic capacity is shown in fig.1 by plotting ergodic capacity in nats/s/Hz verses P ୟ୴ for different values of ρ = ౣ౮ౣ౫ౣ ౬
SIMULATION RESULTS & DISCUSSION
. For the comparison purpose, results are compared with a case when only one constraint on either maximum or average received power is considered. It is clear from fig. 1 that ergodic channel capacity degrades with decrease in average received power when maximum received power constraint is applied on the top of the average received power constraint. With an increase in the parameter ρ ergodic capacity start converging towards a case of no maximum received power constraint. fig. 2 that optimum cutoff threshold value increases with an increase of the constraint on maximum received power at primary receiver. Moreover, for given constraint value, optimum threshold increases with decrease in the value of average received power at primary user's receiver. Fig. 3 is showing the behaviour of ergodic capacity with respect to the ܲ ௩ for the different values of maximum received power at primary receiver. It is clear that for the smaller values of average power, impact of maximum received power is negligible. For the given maximum power constraint, ergodic capacity increase with an increase in average received power and attain maximum value equals to the ܲ ௫௨ and then start decreasing.
CONCLUSION
The underlay spectrum sharing system is investigated for the ergodic capacity under maximum and received power constraint at licensed primary receiver for Rayleigh fading environment. It is shown that maximum received power constraint has almost negligible impact on ergodic capacity of channel when applied on the top of the average received power constraint. For the smaller values of average power, impact of maximum received power is negligible and ergodic capacity increases with an increase in average received power and attain maximum value equals to the ܲ ௫௨ and then start decreasing.
